There is an ongoing debate concerning the driver of nuclear activity in galaxies, with AGN either being triggered by major or minor galactic mergers or, alternatively, through secular processes like cooling gas accretion and/or formation of bars. We investigate the close environment of active galaxies selected in the X-ray, the radio, and the mid-IR. We utilise the first data release of the new near-IR VISTA Deep Extragalactic Observations (VIDEO) survey of the XMM-Large Scale Structure (LSS) field. We use two measures of environment density, namely counts within a given aperture and a finite redshift slice (pseudo-3D density) and closest neighbour density measures Σ 2 and Σ 5 . We select both AGN and control samples, matching them in redshift and apparent K s -band magnitude. We find that AGN are found in a range of environments, with a subset of the AGN samples residing in over-dense environments. Seyfert-like X-ray AGN and flat-spectrum radio-AGN are found to inhabit significantly over-dense environments compared to their control sample. The relation between over-densities and AGN luminosity does not however reveal any positive correlation. Given the absence of an environment density-AGN luminosity relation,we find no support for a scheme where high luminosity AGN are preferentially triggered by mergers. On the contrary, we find that AGN likely trace over dense environments at high redshift due to the fact that they inhabit the most massive galaxies, rather than being an AGN.
INTRODUCTION
The importance of activity in galaxies, both in terms of accretion and star-formation, is evident in models of galaxy formation and evolution. The currently accepted paradigm of a very massive black hole located at the center of each bulge-dominated galaxy (e.g., Rees 1978 , Blandford 1986 , Richstone et al. 1998 , Genzel et al. 2000 , Eisenhauer et al. 2005 ) turns accretion onto these central black holes and its phenomenological equivalent, active galactic nuclei (AGN), to a powerful tool for probing not only the formation and evolution of these central objects but their hosts as well. Given the currently accepted scheme of a hierarchically, bottom-up, evolving ΛCDM Universe (e.g., Frenk et al. 1988) , mergers should play an important (if not regulating) role in such an evolution (e.g., Toomre & Toomre 1972) . In the last couple of decades a set of rather intriguing scaling rela-E-mail: mkarouzos@astro.snu.ac.kr † This research has been partially supported by the EU COST Action "Black Holes in a Violent Universe.". tionships have emerged, that actually connect galaxy evolution to the aforementioned central black holes (e.g., Merritt & Ferrarese 2001 , Tremaine et al. 2002 , McLure & Dunlop 2002 , also see Kormendy & Ho 2013) and therefore provide further support to a mechanism that leads to a co-evolution of the central object and its host galaxy. In this context, active galaxies have been investigated as possible phases of the evolutionary track of a galaxy (e.g., Sanders et al. 1988 , Veilleux et al. 1995 , Canalizo & Stockton 2001 , Nagar et al. 2003 , as a result of a merger event (e.g., Hernquist 1989 , Kauffmann & Haehnelt 2000 , Cattaneo et al. 2005 , Lotz et al. 2008 . One of the most straightforward ways of testing the potentially causal link between merger events and nuclear activity is to look for direct merger induced effects, such as distortions in the morphology of the AGN host galaxy. Although such studies are hampered by the nucleus usually outshining its host and thus masking or potentially even introducing spurious structures, the latest generations of telescopes working in the optical and the infrared, combined with complex simulations, have helped make significant progress in the field (e.g., Canalizo & Stockton 2001, Grogin et al. 2005 , Bennert et al. 2008 , Darg et al. 2010 , Cisternas et al. 2011 , Ramos Almeida et al. 2011 , Kocevski et al. 2012 . However, the results have been contradictory, with the significance of merger imprints on AGN closely connected to the selection criteria of the AGN sample (e.g., X-ray selected, radio selected). A complementary approach to the topic employs the study of the environment of active galaxies to infer the probability of such objects having taken part in a merger or galaxy interaction event. Again the results of such studies have been dependent on the wavelength of the AGN selection, the depth and wavelength of the surveys used, and the physical scales investigated. Several studies have shown AGN to reside in over-dense environments (e.g., Best 2004 , Serber et al. 2006 , Tasse et al. 2008 or that activity is enhanced in galaxies with close companions (e.g., Ellison et al. 2011 , Silverman et al. 2011 , while others provide evidence for either no dependence between AGN and environment density (e.g., Miller et al. 2003) or even AGN inhabiting under-dense environments (e.g., Kauffmann et al. 2004 , Tasse et al. 2011 ). These in turn have been interpreted in different ways, e.g., radio-AGN in under-dense environments being triggered by mergers, in contrast to radio-AGN in groups or clusters being fueled by cold and/or hot gas accretion from the IGM (e.g, Tasse et al. 2008) . In this paper we build upon previous studies by using the new VISTA Deep Extragalactic Observations (VIDEO; Jarvis et al. 2013 ) survey data, combined with a variety of AGN selected at multiple wavelengths. Near-IR wavelengths are less affected by obscuration than optical surveys, enabling a statistically more complete investigation. Given the ancillary data used here, we can homogeneously compare the behavior, in terms of their environment, of active galaxies selected in different wavelengths. Moreover, we focus on the local environment, at scales relevant to small galaxy groups or even close companions/galaxy pairs, as these are the most relevant systems for possible ongoing mergers. The paper is organized as follows: in Sect. 2 we describe the VIDEO survey data used here, as well as the multi-wavelength ancillary data at our disposal. In Sect. 3 we discuss the different tools that we employ to study the environment of AGN and in Sec. 4 we give our results. Section 5 follows with a discussion on the robustness of our results and the completeness of the data used here, as well as the implications of our results and comparison with other works. We conclude the paper in Sect. 6 where a short summary and outlook is given. Throughout the paper, we assume the cosmological parameters H 0 = 71 km s −1 Mpc −1 , Ω M = 0.27, and Ω Λ = 0.73 (Komatsu et al. 2011 ).
DATA AND SAMPLE SELECTION
Our investigation is enabled by the availability of large multiwavelength datasets and deep and wide surveys of the sky. In particular, for this study, we focus on the XMM Large Scale Structure (XMM-LSS; Pierre et al. 2007 ) field, which was originally observed by the X-ray telescope XMM-Newton and has since then been part of several multi-wavelength observational efforts. In particular, the field has been included in the VIDEO survey (VIDEO; Jarvis et al. 2013 ). In the following we will describe in short the VIDEO survey, the ancillary data used, as well as the selection criteria used for each wavelength regime. 
The VISTA-VIDEO survey
The VIDEO survey is a near-IR survey that will cover 12 square degrees of the sky, over three separate fields, in five photometric bands Z, Y, J, H, and K s , using the ESO Visual and Infrared Survey Telescope for Astronomy (VISTA; Emerson & Sutherland 2010) . Once completed, the survey is planned to reach a depth of 25.7, 24.6, 24.5, 24 .0, and 23.5 for Z, Y, J, H, and K s filters, respectively. In this paper we use data from the first data release of the VIDEO survey, covering tile 3 of the XMM-LSS field (∼ 1.8 deg 2 ), reaching a depth of 25.2, 24.6, 24.6, 24.1, and 23.8 for bands Z, Y, J, H, and K s , respectively (5σ detections; see Jarvis et al. 2013 for full details). In particular we focus on a smaller field that overlaps with the CFHTLS D1 deep optical field and covers roughly 1 deg 2 , centered at [36.496,-4.494] . Image stacks have been made for each band separately using SWarp (Bertin et al. 2002) , with stacks at seeing worse than 0.9" FWHM being rejected. From each set of images, catalogues have been produced using SExtractor (Bertin & Arnouts 1996) in double-image mode, utilizing also the CFHTLS D1 T0005 images. The final catalogues contain photometry (at several different aperture sizes) in all five near-IR bands, as well as the optical bands from CFHTLS. In addition a stellarity index is given for each source, describing its resemblance to a point source. By utilizing the multi-band photometry from both CFHTLS and VIDEO, photometric redshifts for all the VIDEO sources have been calculated. For this the Le Phare software (Arnouts et al. 1999 , Ilbert et al. 2006 ) was used. A 2" aperture size was used for the photo-z estimation 1 . The composite templates from Salvato et al. (2009) are used for the photo-z calculation of the AGN in our samples. Photometric redshifts for the rest of the galaxies are calculated as described in Jarvis et al. (2013) . In Fig. 1 , the redshift distribution of the VIDEO sources, as well as the magnitude in the K s band as a function of photometric redshift are shown. logue of near-IR sources used in this paper. We select our sample in the K s band, as this enables us to probe the old stellar population in galaxies and hence provides a proxy selection for stellar mass content. We choose to use a detection limit of 5σ, which corresponds to a limiting magnitude of m lim Ks = 23.8. Additionally, we exclude sources with stellar optical and near-IR colors, following the color selection employed in Jarvis et al. (2013) . Finally, given the accuracy of the photometric redshifts and the study of source number density within the VIDEO field as a function of redshift, we impose a hard limit at redshift z∼ 3, beyond which the environments of sources can not be constrained reliably. The resulting near-IR catalogue used for our analysis (multi-wavelength sources crossmatching and control source selection) contains 113728 sources.
Multi-wavelength datasets
Here the multi-wavelength data used in this paper are described. All datasets are synoptically described in Table 1 .
XMM-Newton
The XMM-Large Scale Structure (XMM-LSS; Pierre et al. 2007) was originally designed to provide a well-defined, statistically significant X-ray galaxy cluster sample out to z=1. Aside from its cluster sample aim, the survey of the XMM-LSS field in the soft X-rays (0.5-2 keV band) has recovered 2980 non-spurious objects (3385 in total from band-merging), around half of these point-like. This presents a 90% completeness at a sensitivity level of 4 · 10 −15 erg/s/cm 2 . In the overlapping region of VIDEO and XMM-LSS a total of 1049 X-ray sources are detected, for which fluxes are available in both soft (0.5-2 keV) and hard (2-10 keV) X-ray bands. Using the hard X-ray band (2-10 keV) fluxes we can divide XMM detected sources in QSO-like or Seyfert-like, according to whether their spectrum is dominated by their optical (infrared) or highenergy (X-ray) emission. We quantify this through the ratio of K s to [2-10 keV] flux (following Bradshaw et al. 2011 ). We assume a limiting value between QSO-like and Seyfert-like of K/X=2. In addition, we set a luminosity limit at the [2-10 keV] band at 10 42 erg/s, below which we expect severe contamination from local starbursting galaxies. Taking these two criteria in account, we find 153 XMM-detected sources as QSO-like (K/X< 2) and 178 as Seyfert-like (K/X> 2). Only sources detected in both K s and with L 2−10keV 10 42 erg/s are considered for this comparison.
VLA-GMRT
The XMM-LSS field was observed at radio wavelengths with the Very Large Array (VLA) at 1.4GHz (Bondi et al. 2003 ; also see McAlpine et al. 2012) as part of a multi-wavelength effort complementing the spectroscopic VIRMOS VLT Deep Survey (Le Fèvre et al. 2002) . Using the VLA in B configuration a resolution of 6 arcsec was achieved together with a detection limit of 60µJy. The final radio catalogue of the field contains 1054 individual sources, some of which consist of multiple components. For the purpose of this paper multi-component sources have been substituted by the assumed core of the source (also provided in the catalogue) in order to avoid multiple cross-identifications. In total 19 such multicomponent sources were substituted. In addition the field has been observed using the Giant MeterWave Radio Telescope (GMRT) at 0.6GHz (Bondi et al. 2007 ). The resolution of the array at this frequency is 6 arcsec, matching that of the VLA observations. The 3σ sensitivity of the GMRT survey is 150µJy. The GMRT catalogue of the XMM-LSS field contains 514 individual sources (5σ detections), with 17 of these showing multi-component structure. Given the dual-band observations in the field, a radio spectral index α 1.4 0.61 has also been calculated. Including also 3σ detections, radio spectral indices of 741 sources, for which counterparts are found at both frequencies, were calculated. For sources without detections in both bands, upper limits were used to calculate their spectral indices.
We employ two different AGN selection methods in the radio regime using (1) the radio luminosity at 1.4 GHz and (2) the spectral index of the sources. Following Condon (1992) we can define a limiting non-thermal radio-luminosity above which a source can be classified as an AGN:
where L N is the non-thermal luminosity produced from ongoing star-formation with a star formation rate SFR, at an observing frequency ν and with a radio spectral index α = 0.8. We set a threshold of 100 solar masses per year, which gives a critical luminosity of L lim = 7.24 · 10 30 erg/s/Hz. This corresponds to a radio power of 10 24 W/Hz and roughly matches the turn-over power of the local luminosity function of radio sources, above which radio-loud AGN dominate the radio-source population (Mauch & Sadler 2007) . After K-correcting the 1.4GHz luminosities of the VLA sources, those objects more luminous than the above limit are assumed to be AGN. Finally we also make a division using the spectral index information, choosing α = −0.5 2 as the limit between flat and steepspectrum radio sources. In total we classify 321 AGN through their flat radio spectral index, while 497 AGN are classified through their 1.4GHz luminosity.
Spitzer Space Telescope
The Spitzer Wide-area InfraRed Extragalactic (SWIRE; Lonsdale et al. 2003) survey is one of the Legacy Surveys of the Spitzer Space Telescope using both IRAC (3.6-8µm) and MIPS (24-160µm) instruments. The SWIRE survey achieved a sensitivity of 450 µJy (5σ detections at 24µm), with the master catalogue of the survey (merged bands) containing 250733 individual sources. For our study, we require that sources are detected at 24µm, where emission should be dominated by the dusty AGN torus (although contribution from star-formation is also expected). We find 2329 in the common VIDEO-SWIRE area.
Using mid-IR colors of the selected sources, we can make further selections. Donley et al. (2012) updated the empirical mid-IR colour cuts, originally derived by (Lacy et al. 2004 (Lacy et al. , 2007 , to select dust-obscured AGN. We use these cuts, selecting 269 dustobscured AGN candidates. We show the IRAC colour-colour distribution of the parent sample and the selected AGN in Fig. 2 .
TOOLS AND ANALYSIS
We use a number of selection criteria at different wavelengths in an effort to create samples of active galaxies representative of different intrinsic properties and potentially of different evolutionary stages. The first step in doing this is the cross-matching of the multiwavelength catalogues available for the XMM-LSS field with the catalogue of the VIDEO survey. To do this we follow the method of Downes et al. (1986) , taking into account both the angular distance to the source and the near-IR magnitude of the counterpart. In short, around each multi-wavelength source (i.e., X-ray, radio, or mid-IR) we calculate the Poisson probability for each near-IR source to be within a circle of radius r c . This Poisson probability is defined as:
where r is the distance of the candidate counterpart from the multi-wavelength source, and N m is the surface number density within a radius r and limiting near-IR magnitude m. r c is defined through the positional uncertainties of the VIDEO survey (assumed here σ V IDEO =0.2 arcsec) and the survey of each respective wavelength (X-ray, σ XMM =2 arcsec; radio, σ V LA =2 arcsec deg; mid-IR, σ S pitzer =2 arcsec 3 ). The expected number of events (i.e., near-IR sources) with P P * can then be approximated (for a finite search radius r c ) as
for P * P c , and
for P * < P c . P c is a critical Poisson probability, defined by the surface number density, N T , at the limiting magnitude of the survey. Finally, the probability of a chance cross-identification of the source can be calculated as 1 − e −E . The near-IR candidate with the lowest such probability is chosen to be the true counterpart 4 . In Table 1 we give the number of cross-identified sources for each of the multi-wavelength catalogues considered here.
Environment density parameters
We use a pseudo-3D number density parameter (being one of the simplest and most straightforward measures of density, widely used in the literature, e.g., Cooper et al. 2005 , Strand et al. 2008 , Lee et al. 2010 to study the environment of AGN in the near-IR. To do this, we employ the photometric redshifts available for the VIDEO sources. For each VIDEO source that is cross-identified with a source in another wavelength, we calculate the surface number density ρ (measured in kpc −2 ) within cylindric annuli with depth ∆z = 0.2 · (1 + z) and fixed surface area of 12000π kpc 25 ,
The widths of the annuli (r out − r in ) range from 18 to 194 kpc, and distances to the central source ranging from 0.1 to ∼ 1 Mpc. For the redshift range of the VIDEO sample this corresponds to angular distances out to ∼ 2arcmin. In this way, we study the close environment of AGN (checking for companion galaxies), while simultaneously probing the medium-scale environment. It is known (e.g., Cooper et al. 2005 ) that edge-effects influence environment density parameters. For each radius r i of the cylinder within which the density is measured, we correct for this effect by excluding all sources that are found at distances r i from the edges of the VIDEO field. We also employ the projected distance to the nth closest neighbor, again within a redshift interval of ∆z = 0.2 · (1 + z), in order to calculate the surface density parameter Σ n (originally described by Dressler 1980) ,
We choose to investigate the surface density using both n=2 and n=5, as we are interested in the close environment of the sources. Following Cooper et al. (2005) , to minimize the contamination from edge effects, we exclude sources at a distance of 2 arcmins from the field edges. For the calculation of both density parameters and projected distance to the nth closest neighbor we consider the total, band-merged, VIDEO sample, i.e., all sources detected in at least one VIDEO band, excluding only sources with stellar like colours.
Control samples

Stellar mass matching
We carefully select control samples for each of the multiwavelength samples studied here. In particular, we want to account identification with the lowest 1−e −E value, while for the other one we adopt the identification with the second lowest such value. For one pairs this was not possible and thus only one of the sources was retained. Similarly, this procedure was followed for 2 pairs of SWIRE sources. 5 Although the choice of the area of the annulus is somewhat arbitrary, it is optimized with two factors in mind. We wanted the first annulus to probe the close environment of the AGN, i.e., ∼ 200 kpc. At the same time, given the statistical fluctuations and the finite number of sources per redshift slice, we wanted to have enough sources within each annulus, so that a robust estimation of the density can be achieved. for possible dependence of the environment on the luminosity, stellar mass, and redshift of an object. We choose the following procedure to select our control sources: for each multi-wavelength source, we randomly select 20 VIDEO-sources that are matched in both redshift (∆z = 0.2 · (1 + z), accounting for the increasing photometric redshift uncertainties with redshift) and K s magnitude (∆m K = 0.2). By means of these two criteria, we select sources of similar K s luminosity, as well as similar host galaxy stellar mass (e.g., Gavazzi et al. 1996) . Moreover, we require that the control sources are at projected distances from the multi-wavelength source larger than 60 arcsecs. This ensures that the control sources are unaffected by any local over-densities around the AGN source. Control sources are selected from the same sample that is used for the cross-identification of the multi-wavelength sources and which was described in Sect. 2.1 above, after excluding the NIR sources that have been cross-matched with any of our multi-wavelength samples.
Because of the K s magnitude-based selection of both our main sample and means of choosing the control samples, we do not consider stellar-like sources from the VIDEO catalogue. As was discussed previously, this is done by means of optical and near-IR colors. We also exclude known optical quasars in the VIDEO field. The latter have near-IR emission that is dominated by the luminous AGN at their centers. Consequently, when using the K s magnitude as a proxy for stellar mass, we would be biased toward selecting more massive sources to build the control sample. Given a dependency of the environment density on the host stellar mass (e.g., Deng et al. 2011 , Li et al. 2006 , Kauffmann et al. 2004 ), these sources would appear to inhabit under-dense environments due to this selection effect. Finally, we check that our control sources are not found within the vicinity of the handful of very bright stars in the VIDEO field, as these areas suffer from lower S/N and as a result might show artificially low source densities.
For each of the control sources, the same environment density parameters are calculated as for the multi-wavelength sources. These parameters are then averaged over all control sources for each multi-wavelength source, resulting in a control value for each environment density parameter for each AGN. We can then define a density difference or ratio between the AGN-candidates and their control values. In this way, for ratios larger than 1 and differences larger than zero, the AGN sample is in denser environments than its control sample sources.
Random control
In addition to the K s -band magnitude and redshift-matched control sample, we also select a random control sample. For each multi-wavelength source we select 40 random positions within the VIDEO-CFHTLS field. We do not require the coincidence of a VIDEO source. Therefore, the random sample is decoupled from the presence of a source. For each random position and for the respective redshift slice of the multi-wavelength source, density parameters are calculated similarly to the process described previously. The average over all the random position reflects then the average density of the field and provides a further means of comparison to the AGN samples.
RESULTS
We first turn our attention to the field density of the VIDEO-CFHTLS as described in the previous section. In Fig. 3 the field number density is plotted as a function of redshift. In addition the photometric redshift distributions of both the AGN candidate sample (here defined as the combination of all three multi-wavelength samples) and that of the total VIDEO sample (which is used for the calculation of densities) out to z = 3. From the upper panel of Fig. 3 we can see that the field density is smoothly decreasing with redshift as expected. The lower panel shows that most of our AGN sources are found at z < 3 and mainly found at z < 1, with a secondary concentration at z ∼ 1.8. Compared to the photometric redshift distribution of the total sample we can see that even at z ∼ 2, there are enough sources for the density of the small-scale environment to be constrained.
X-ray AGN environment
In Fig. 4 we present the 2-10 keV hard X-ray luminosity distribution for the X-ray cross-matched sample. As expected for a fluxlimited survey, the luminosity is tightly correlated with the redshift and we show QSO-like and Seyfert-like sources separately (red and blue symbols, respectively). The bulk of Seyfert-like sources are within an X-ray luminosity of 10 42 < L 2−10keV < 10 44 erg/s, although a few sources with luminosities typical of powerful QSOs are classified as Seyfert-like according to our K/X criterion. Conversely. QSO-like sources spill over the 10 44 erg/s limit, covering the whole range of hard X-ray luminosities considered here. In total, 22 sources have luminosities < 10 42 erg/s and are not considered in our AGN selection. Most of them are around or below z = 0.1.
In Fig. 5 we show the average surface density difference, calculated in annuli, between the X-ray samples and their respective control samples, as a function of the distance from a source. We also show the density difference of the X-ray samples and the random sample. Given the relatively small surface area of the annuli, we observe strong fluctuations of the density difference as a function of radius. However, it is clear that Seyfert-like sources (shown in blue) reside in denser environments compared to their control sample, an average of 30 more sources per Mpc 2 . QSO-like sources show a moderate over-density out to a radius of 500 kpc, with an average of 10 sources more per Mpc 2 compared to their control sample. Beyond a radius of 600 kpc, QSO-like sources inhabit environments which are consistent with those of their control sample.
The dotted lines also show the respective density differences between the AGN samples and the random sample. We can see that for the first few bins, these are found to lie significantly above the solid lines for both QSO-like and Seyfert-like AGN, meaning that compared to the average field density, X-ray AGN show more overdense environments compared to the field than compared to their control sources. This is expected in the sense that environment density around a source should be higher than around an empty field, hence a stronger over-density compared to the random positions than the control sources. These lines also demonstrate that, in absolute sense, Seyfert-like AGN reside in similar environments to the QSO-like sample (i.e. the comparison with random positions are similar for both QSO-like and Seyfert-like).
In Fig. 6 we again show the surface number density differences for the different X-ray samples, but this time with densities calculated within circles rather than annuli. We can directly 
Annuli density Figure 5 . Averaged surface number density difference, in annuli, of QSOlike sources (solid red line), and Seyfert-like sources (solid blue line) with their control samples, as a function of the outer radius of the annulus within which the density has been calculated. In addition the density difference between the respective X-ray samples and the random sample is also shown with dotted lines. The line for a density difference of zero is also shown. Uncertainties (1σ) are shown as loci in dashed lines. 
Cumulative density Figure 6 . Averaged surface number density difference, in circles, of QSOlike sources (solid red line), and Seyfert-like sources (solid blue line) with their control samples, as a function of the outer radius of the circle within which the density has been calculated. In addition the density difference between the respective X-ray samples and the random sample is also shown with dotted lines. The line for a density difference of zero is also shown. The left plot shows the calculated density differences for each bin, while the right plot uses a radial binning of 20 kpc to smooth the curves. Uncertainties (1σ) are shown as loci in dashed lines.
compare our surface density measures with, for example, the density parameters calculated through the closest neighbours projected distances. As seen in Fig. 5 , Seyfert-like sources show significant over-densities, with now smaller uncertainties given the increasing surface area with increasing radius. QSO-like sources show similar over-densities (within the uncertainties) with Seyfert-like sources, out to a radius of 600 kpc. Their behaviour appears to diverge beyond that radius, with QSO-like sources converging towards the density of their control sample. The dotted curves show the density difference between the AGN samples and the random sample. These appear consistently above the solid lines, as expected. The over-density persists for Seyfert-like sources out to distance of 1 Mpc from the central AGN. As a consistency check, we have also looked at the density difference out to distances of 3 Mpc. Both QSO-like and Seyfert-like samples converge to a density difference of zero as expected.
In Fig. 7 we plot the density difference between X-ray AGN and their control samples as a function of their hard X-ray (2-10 keV) luminosity. Independent of the scale at which this is probed, there appears to be no correlation between the two properties, with points clustered homogeneously slightly above zero independent of X-ray luminosity. Moreover, different sub-samples show the same behaviour, with Seyfert-like sources being on average at higher positive values (as was already shown in Fig. 5 ). We also see no particular trend for X-ray sources above the 10 44 erg/s limit, usually considered a boundary for the most luminous quasars. For the lower luminosity sources (L 2−10keV < 10 42 ) we see a higher scatter of values. Conversely, sources below 10 42 erg/s (shown in black) appear to show the highest over-densities, especially at intermediate and large radii. These sources might represent starburst whose intense SF is triggered by ongoing mergers and hence are found in the densest environments. We also investigate the relation between the environment at small scales (usually associated with small structures like galaxy groups) and at larger scales (usually associated with large structures like galaxy clusters). This might give us some insight about the processes more relevant to the triggering of an AGN. In particular, it is known that the high velocities encountered in the central regions of clusters are prohibitive to gravitational interactions and mergers, while small groups provide the ideal circumstances for mergers to happen. As such, in Fig. 8 we show the distribution of the difference between the density at 200 and 800 kpc for the X-ray samples. We see that both distributions peak at a value of around zero, implying that neither sample shows any evidence of an enhancement in the source density on small scales. When considering average values of the difference, these are positive from which we can infer that the density is larger towards the AGN when compared to the larger scales, as one would expect if the AGN were indeed tracers of proto-clusters at high redshift, but at a low significance (∼ 2σ).
We now turn to the second density measure we introduced in the previous section, namely the Σ 2 and Σ 5 density parameters. These are defined in terms of the second and fifth closest neighbour to a source. By definition they are length-scale independent and can only have non-zero values. In Fig. 9 the distributions for the Σ main to Σ control density ratios are shown (where both the magnitude matched control sample, red histogram, and the random positions control sample, blue histogram, are considered). We show distributions for QSO-like and Seyfert-like X-ray sources separately. All distributions appear to peak at around a ratio of one, implying that the bulk of the sources in our samples are not in significantly different environments than either their control sources or the field. However, when considering the average values of each sample, we find a significant over-density for both samples and for the Σ 2 . For Σ 5 the samples still show over-densities, but at a lower significance levels (3σ and 5σ for the control and random samples, respectively). Figure 9 . The distributions of the logarithm of the ratio between the Σ parameters of the X-ray sources and that of their control sample (filled red) and the random sample (open blue). In addition, the average values with their respective standard error are given. The probability parameter p from a K-S comparison of the AGN/control and AGN/random density ratio distributions is also given. For reference a vertical line at a ratio value of one is drawn as well. Left panels are for Seyfert-like sources, while the right panels are for the QSO-like ones. This in turn indicates the presence of an extended tail of high density sources for both our X-ray AGN samples.
In Figs. 10 and 11 we investigate the relationship between the Σ main to Σ control ratio and the hard X-ray luminosity. For the Σ 5 ratio, most objects have values around one, with Seyfert-like sources showing hints for an anti-correlation. In the low-luminosity regime, there appears to be a surplus of sources in over-dense environments, as was already seen in Fig. 7 . However, small numbers at the low-luminosity end preclude any definite statements. No specific change in behaviour is seen at L 2−10keV 10 44 erg/s, a limit above which generally powerful X-ray bright AGN lie (e.g., QSOmode).
It should be noted that densities based on closest neighbours are coupled to the distance of the neighbours rather than a fixed distance scale (as in the case of the surface number density). This in effect translates to a mixing of different distance scales within a single density parameter. As a guideline we can say that for our X-ray samples, distances to the second closest neighbour lie between 10 and 700 kpc (averaging at 160 ± 10 kpc), while distances to the fifth closest neighbour probe scales between 20 and 970 kpc (averaging at 240 ± 14 kpc). If an underlying relation between a certain population of AGN and environment density exists, then this would lead to an increased scatter in the Σ density parameters.
In summary, we find evidence for X-ray AGN residing in overdense environments compared to both a magnitude matched control sample and a sample of random position within the field. Seyfertlike AGN in our sample show the highest degree of over-density, while QSO-like sources appear to inhabit environments consistent with those of their control sources. We find no correlation between AGN luminosity in the hard X-rays and the environment of the AGN.
Radio AGN environment
We follow the same analysis for our radio-selected samples. In Fig. 12 we show the average surface density difference between the radio samples and their respective control samples, as a function of the distance from a source. Differences for all 1.4-GHz radio sources, luminosity-selected AGN, and flat-spectrum radio sources are shown. In addition we show the density difference between the radio samples and the random-position control sample. All samples appear in over-dense environments compared to both their respective control samples as well as the average field density. Of the three, flat-spectrum sources appear to be found in denser environments than their control sample but also show large scatter. In contrast, luminosity-selected radio-AGN show a smaller degree of over-density but with smaller scatter. We also find that those sources that occupy the supposed "non-AGN" dominated part of our radio sample (L 1.4GHz < 7.24 · 10 30 erg/s/Hz) to have the highest degree of over-density.
As can also be seen in Fig. 13 ,where we plot the density difference in expanding circles, rather than annuli, the higher overdensities are observed for the first bins, at scales < 200 kpc for both radio-AGN samples. Conversely, in an absolute sense, the flatspectrum radio-AGN sample shows a higher degree of over-density compared also to the X-ray AGN samples.
We now investigate whether there is any correlation between radio luminosity and environmental over-density, as might be expected if the radio emission was boosted in luminosity due to the increased density of the working surface. Similar to Fig. 7 we do not see any particular trend with radio luminosity, with sources showing average values above a zero density, homogeneously with respect to their radio luminosity. Again we observe a larger scatter for low-luminosity sources. For the highest radio luminosity sources (L 1.4GHz > 10 33 erg/s/Hz) we note a trend for sources residing exclusively in over-dense environments, but given that only a handful of sources are found in that luminosity range, we can not draw any solid conclusions.
Similarly to Fig. 8 , in Fig. 15 we show the distribution of the difference of densities at 200 and 800 kpc for the radio samples. We see that similar to the X-ray sample, we find that radio sources show the peak of their distribution at 0 (for the flat-spectrum radio sample), while the luminosity selected AGN show the peak of their distribution at slightly higher value. However, when considering average values of the density difference for the two samples, Figure 14 . Surface number density difference, in annuli, of all radio sources (black circles) and flat-spectrum radio-AGN (purple squares) with their respective control samples, as a function of their K-corrected 1.4 GHz luminosity. This is shown for three different radial distances from the central source, ∼ 100 kpc (left), ∼ 500 kpc (middle), and ∼ 1000 kpc (right). The vertical dashed line denotes the luminosity limit above which radio-AGN are defined. Cumulative density Figure 13 . Average surface number density difference, in circles, of non-AGN radio sources (solid black line), luminosity-selected radio-AGN (solid red line), and flat-spectrum AGN (solid purple line) with their control samples, as a function of the outer radius of the circle within which the density has been calculated. In addition the density difference between the respective radio samples and the random sample is also shown with dotted lines. The line for a density difference of zero is also shown. Uncertainties (1σ) are shown as loci in dashed lines. they are significantly above zero (at ∼ 7σ). This implies that there is a sizeable fraction of radio-AGN that have a large number of relatively nearby neighbours. This may be indicative of the importance of mergers for these sources, or that to generate powerful radio emission a dense working surface is required to enhance the radio emission so that it enters radio-flux limited samples.
In Fig. 16 we show the histograms for the density ratio Σ main /Σ control both for the magnitude matched control sample and for the random positions. Again for both the luminosity-selected radio-AGN and flat-spectrum radio-AGN, there appears to exist a tail of high density objects. As a result, the average value for each sub-sample are significantly higher than one. This is most evident for the Σ 2 distribution, while the differences become more mooted for the Σ 5 density parameter. This is in agreement with the previous results (e.g., Figs. 12 and 14) . We also note that albeit with a large scatter, the flat-spectrum radio-AGN sub-sample shows persistently stronger over-densities even when considering the Σ 5 density parameter.
In a similar manner to Fig. 10 we check the Σ 2 and Σ 5 density parameter values ratios for all radio-sources and for flat-spectrum radio-sources as a function of their 1.4 GHz radio luminosity, L 1.4GHz (Fig. 17) . No strong trend is seen. Especially for Σ 5 , most sources have ratios equal to one. Flat-spectrum radio sources do not show any appreciably different behavior than their parent sample. When considering our luminosity-based AGN selection, no significantly different environments are seen above that luminosity limit. There is however a hint for the most luminous radio-sources being in over-dense environments, while the most radio-faint are found below the zero line.
Mid-IR AGN environment
Finally we turn to our 24µm-selected samples. In Fig. 18 we show the average surface density difference, in annuli, between the mid- IR samples and their respective control samples. Density differences for all 24 µm mid-IR sources and colour-selected obscured candidate AGN sources are shown. The average density difference between the mid-IR sources and the random control sample is also shown. We find that, on average, mid-IR sources reside in environments with around 10 excess sources Mpc −2 compared to the control sample, but with a large scatter. Mid-IR selected non-AGN (here defined as all sources except the colour-selected obscured AGN) show somewhat more over-dense environments with respect to their control sample, particularly above 600 kpc, and also in an absolute measurement (compared to the random positions). However, both samples show considerable uncertainties, and for most radii their environments appear consistent with those of their control samples. In Fig. 19 we show the cumulative density calculated within circles as a function of the distance to the AGN. The difference between the main sample and the random positions sample stands out for the colour-selected obscured AGN, showing strongly over-dense environments at scales < 400 kpc. This implies that when compared to the average field density, they indeed inhabit over-dense environments. At similar scales (r < 400 kpc), the comparison with the magnitude-selected control sample shows obscured AGN to reside in over-dense environments (albeit at the 1-2σ level).
In Fig. 20 the density difference distribution between scales of 200 and 800 kpc is plotted. For both samples the distribution peaks at around 0, but a significant tail extends to strongly positive values. The average values are positive, significantly above zero for the whole mid-IR sample, but not so for the color-selected obscured AGN sub-sample. Given an expected strong contamination of star-forming galaxies for the total mid-IR sample, we conclude that mid-IR selected AGN do not show a significant preference for dense close environments over cluster environments. Flat−spectrum Figure 16 . The distributions of the logarithm of the ratio between the Σ parameters of the radio sources and that of their control sample (filled red) and the random sample (open blue). Central values and σ values for the distributions are given. The probability parameter p from a K-S comparison of AGN/control and AGN/random density ratio distributions is also given. For reference a vertical line at a ratio value of one is drawn as well. Left panels show the distributions of luminosity-selected radio-AGN and right ones those of flat-spectrum radio-sources. In Fig. 21 we show the dependence of the density difference on the mid-IR luminosity. Similarly to the other wavelengths, we do not find any strong correlation between the two. In particular, all of the colour-selected obscured AGN sample lie very close to a density difference of zero, exhibiting smaller scatter than the total mid-IR sample. This might reflect the more heterogeneous nature of sources included in the general mid-IR sample, compared to the obscured AGN sub-sample.
The Σ density parameters, in particular the Σ midIR /Σ control ratio are shown in Fig. 22, and Fig. 23 . Unsurprisingly we see the same behaviour as in our previous plots, namely that distributions peak around a ratio value of 1 (zero in logarithmic scale in the plots). However both all mid-IR and the colour-selected obscured AGN samples show an extended non-Gaussian tail reaching to high values of the density ratio. This is reflected in the average values for the Σ 2 distributions which are significantly higher than one. These plots imply that there is a fraction of these AGN that reside in very over-dense environments, even though on average, most of these samples reside in environments very similar to their control sources.
In a similar manner to Fig. 10 , we check the Σ 2 and Σ 5 density parameter values for all mid-IR and for the colour-selected obscured AGN candidate sources as a function of their 24 µm mid-IR luminosity, L 24µm (plotted in Fig. 23 ). No strong trend is seen, with sources having density ratio values lying tightly around one in both Σ 2 and Σ 5 cases. Obscured AGN candidate sources do not show any different behaviour to their parent sample. Similar to the X-ray sample, here we note the low-luminosity regime, where there appears to be less scatter in density ratio values, with both parent sample and AGN sub-samples having density ratio values close to one. Similarly to the X-ray samples, the high-luminosity regime shows much larger scatter of density ratios but is still centred around one.
DISCUSSION
In the previous section we have presented our results concerning the close environment of AGN selected at different wavelengths. Here we discuss our results in the context of currently accepted galaxy evolution models and results from similar or adjacent studies.
Photometric redshifts
Before discussing our results, in this section we assess the uncertainty induced by potential errors in our photometric redshift estimation, which should present the main systematic effect influencing our results. For the calculation of photometric redshifts all optical (CFHT) and near-IR (VIDEO) bands were used and a nominal accuracy of ∆z/(1 + z) = 0.1 is achieved for the VIDEO survey as a whole (Jarvis et al. 2013) .
However, one of the main uncertainties concerning the use of photometric redshifts pertains to the SED templates to derive them. In particular, it is known that photometric redshift estimation for active galaxies is particularly difficult (e.g., Salvato et al. 2009 Figure 21 . Surface number density difference, in annuli, of all mid-IR sources (black circles) and color-selected obscured AGN (red squares) with their respective control samples, as a function of their 24 µm luminosity. This is shown for three different radial distances from the central source, ∼ 100 kpc (left), ∼ 500 kpc (middle), and ∼ 1000 kpc (right). Figure 22 . The distributions of the logarithm of the ratio between the Σ parameters of the mid-IR sources and that of their control sample (filled red) and the random sample (open blue) are plotted. In addition, the distributions are fitted with single Gaussians, which are shown as well. Central values and σ values for the Gaussians are given in the each panel. The probability parameter p from a K-S comparison of the AGN/control and AGN/random density ratio distributions is also given. For reference a vertical line at a ratio value of one is drawn as well. Left panels show the distributions of all mid-IR sources while right ones show those of color-selected obscured AGN. Figure 24 . Spectroscopic redshifts from the VVDS survey (Le Fèvre et al. 2005) versus photometric redshifts calculated for the VIDEO sources. Different colours and symbols denote different wavelength selection: X-ray (blue circles), radio (green squares), and mid-IR (red diamonds). Filled symbols denote the best quality spectroscopic redshifts (flags: 4, 13, 14, 23, 24) , while open symbols show low quality redshifts (flags: 1, 2, 11, 12, 21, 22) . The dashed lines show the depth of the cylinders within which we calculate the "pseudo-3D" density, while the solid line show the equality line.
which have been explicitly constructed in order to take into account the emission of an AGN (in particular X-ray AGN). These templates are especially relevant for our study here, as we want to characterize the environment of AGN and AGN-composite systems.
In Fig. 24 we use the available spectroscopic redshift from the VIRMOS-VLT Deep Survey (VVDS;Le Fèvre et al. 2005) survey in the XMM-LSS field to assess the accuracy of the photometric redshifts of the multi-wavelength samples. For the comparison we take into account the redshift quality flag from the VVDS and focus on those sources with spectroscopic redshift quality of 3 or 4 (13 or 14 and 23 or 24 for QSO primary targets and serendipitous sources). As can be seen from Fig. 24 there is some scatter in the estimated photometric redshifts, with a fraction of 15 per cent to 9 per cent outliers, for all and only high quality spectroscopic redshifts, respectively 6 . The outlier fraction is almost three times that of the total VIDEO sample within the CFHTLS-VIDEO field (Jarvis et al. 2013 ). This is not surprising as the presence of an AGN can severely contaminate the host galaxy emission and therefore make photometric redshift calculation problematic. Let us now consider only those multi-wavelength sources selected as AGN (following the different criteria explain in Section 1), the comparison for which is shown in Fig. 25 . Out of 54 sources selected as AGN and with available spectroscopic redshifts, 7 are defined as outliers according to the usual criterion.
As was described previously, we use bins of redshifts of width 0.1 · (1 + z) to estimate "pseudo-3D" densities around a source. We are interested in quantifying how many sources would not be included in their respective redshift bin due to their miscalculated photometric redshift. The limit of 0.1 · (1 + z spec ) is shown in Figs. 24 and 25 with the dashed lines. Focusing on Fig. 25 , we find that 8 out of the 54 AGN-selected sources with spectroscopic redshifts are found beyond that boundary (a fraction of 15%). The outliers are dominated by the radio-selected AGN, with most X-ray and mid-IR selected AGN found within the boundaries defined by the dashed lines. Interestingly, all outliers are placed at higher photometric redshifts than their actual spectroscopic redshifts. This implies that in absolute terms, as Fig. 3 shows, these AGN would on average be found in lower number density environments than their control sample (given the flux-limited nature of the sample, the number density decreases with increasing redshift). As a result, we may be under-estimating the density around some AGN, especially the radio-selected ones. Given that especially for radio-AGN we find strong evidence that they inhabit over-dense environments, this effect would make our conclusions even stronger.
Finally, given the sensitivity of the density parameters to the photometric redshifts, the fact that our density differences and ratios (i.e., the difference and ratio between the density of AGN to non-AGN sources) converge to unity for the largest distances reassures us that the uncertainties of the photometric redshift do not result in a systematic offset to our environment density calculation. It is also worth noting that it is likely that the photometric redshifts for the less luminous AGN are more robust due to the lower level of AGN contamination. Thus, the comparison with the VVDS spectra, for which spectroscopic redshifts are more easily obtained for brighter sources, should be seen as a conservatively high estimate of the number of photometric-redshift outlier in our AGN sample. In reality we expect a more accurate photometric redshift for those lower-luminosity AGN.
Mergers as triggers for nuclear activity
We have found that a significant fraction of the AGN sub-samples in our study show a significant excess of nearby galaxies than their respective control samples. We have extended this comparison beyond our carefully selected control sample (which in principal accounts for the influence of stellar mass on the environment of our sources) to a sample of randomly selected field positions. Most of these comparisons support the view that these AGN do live in dense environments, albeit not necessarily denser than their control sources. Active galaxies appear to inhabit diverse environments, as is exhibited by the distributions of Σ parameters. It should be noted as well that a relation between environment density and AGN luminosity is not found. Individual AGN sub-samples do however show evidence of systematically denser environments than their parent samples. For example, both Seyfert-like hard X-ray sources and flat-spectrum radio-sources appear to exhibit denser surroundings than their control samples. In particular, the radio-AGN samples show a significant preference for group environments (or an excess of close companions) compared to cluster environments.
This situation is in good agreement with the most recent results concerning the morphology of X-ray and radio-selected AGN compared to respective control samples. Kocevski et al. (2012) and Cisternas et al. (2011) both use X-ray selected samples of AGN to study the morphology of active galaxies from high quality HST images and compare them to non-active galaxies. Both studies find no appreciable over-representation of mergers in the AGN samples compared to their control samples. In particular both the X-ray samples employed by Kocevski et al. (2012) and Cisternas et al. (2011) cover a significantly narrower range of X-ray luminosities (10 42−44 erg/s at 2-10 keV) than our sample. In that range of intermediate X-ray luminosities our results are in agreement (e.g., Figs. 7 and 10).
Additionally, there has been studies advocating both that Xray selected AGN lie in under-dense or similar environments compared to non-active galaxies (e.g., Waskett et al. 2005 ,MonteroDorta et al. 2009 , Tasse et al. 2011 and that X-ray selected AGN avoid under-dense environments or prefer denser ones (e.g., Georgakakis et al. 2007 ,Coil et al. 2009 . It is therefore difficult to compare our results with these studies, especially since here we cover a much wider range of luminosities and redshifts. The most extreme behavior in our X-ray samples is observed for the Seyfert-like sources, which show over-densities at all scales. Given the depth of the VIDEO survey, for the first time we can probe these type of X-ray AGN with a high-energy component relatively weaker than their IR SED. In contrast, traditionally X-ray bright QSO-like objects in our study are found in slightly over-dense or similar environments compared to their control sources. None of the previous studies probe the highest or lowest X-ray luminosities as our sample, with the combination of small physical distances, where the effects of AGN over-densities become most apparent.
In comparison, for radio-selected AGN, Ramos Almeida et al. (2011), using ultra-deep imaging of the host galaxies of powerful radio-AGN find up to 93% of their AGN sample to show morphological disturbances compared to 53% of their control sample. Karouzos et al. (2010) also find a substantial percentage (∼ 30% at z< 0.4) of flat-spectrum radio-AGN showing signs of merger events. Although there is a substantial bias given the high radioluminosity of the radio-AGN in these studies, environment studies of radio-selected AGN also point to such systems being in overdense environments (e.g., Best 2004 , Tasse et al. 2008 , Bradshaw et al. 2011 , Lietzen et al. 2011 . We do recover a weak trend for our most radio-luminous sources being preferentially found in more dense environments. Flat-spectrum sources show on average overdense environments (e.g., see Figs. 12 and 13) and an excess of close companions (Fig. 15) . This may be a result of the fact that the flat-spectrum sources may be intrinsically less luminous that their radio-flux leads us to believe due to the possibility of Doppler Boosting of the radio flux due to the jet being aligned close to out line of sight (e.g. Jarvis & McLure 2002) . If this is indeed the case, then we may be seeing the enhanced environment density typical of the low-luminosity FRI-type sources, or the low-excitation sources which are believed to be powered by the inefficient accretion of hot gas from the intra-cluster medium (e.g. Hardcastle et al. 2007 ).
Interestingly, not many studies have been undertaken concerning the environment of mid-IR AGN. Assuming that the local environment, studied here, can be a proxy for the probability of merger events occurring, then it would be expected that obscured AGN, as selected through their dust-reddened mid-IR colors, are found in over-dense environments. Our results from the density ratio show over-densities around these objects at close distances (around 200 kpc), while the effect disappears when looking at larger radii. In particular, we see that the total 24µm source sample appears in denser environments than their control sample at distance scales of 600 kpc. Combined with the preference for group environments shown in Fig. 20 , this might indeed provide a hint toward the importance of mergers for this population of objects. It should be noted however that for all our samples, there also exists a component of low-density AGN environments, which persists for all density measures and also scales and is independent on luminosity.
It is obvious that there are conflicting accounts both in the literature and seemingly as well in our results here. Two scenarios can be put forward that can potentially explain our results:
(i) Activity is triggered by either wet major mergers or through secular processes, like cooling gas accretion or bars. In this case, we expect AGN selected at difference wavelengths to fall in either of the two "families" of active galaxies. This scenario is connected to the two modes of accretion in AGN, namely the "quasar" and "radio" mode, with the former triggered by mergers and the latter linked to secular processes. Moreover, luminosity segregation is expected in such a paradigm, with most luminous AGN usually being a result of mergers, while radiatively less-efficient systems are triggered by less "dramatic" processes.
(ii) Activity is predominantly triggered by mergers both major and minor. In this case AGN selected at different wavelengths reflect different evolutionary phases of an AGN and therefore phases further "down the line" of evolution are expected to exhibit weaker links to the merger event that originally triggered them. In such a paradigm (following for example Sanders et al. 1988 , Hopkins et al. 2008 ) the AGN spectral energy distribution is expected to peak at different wavelength regimes at different times after the initial merger (or galactic interaction even), with the most luminous, X-ray-bright QSO phase being the last after the merger and the dust-embedded phase being the first. Where exactly a radio-phase would lie in such an evolutionary path is not clear. Karouzos et al. (2010) showed that radio-selected flatspectrum AGN can be traced in all phases of such an evolutionary track, which implies that other factors should also be at play. An explicit luminosity segregation is not expected here.
For both of these scenarios, some confusion is expected to be introduced to any study of AGN environment. If indeed highluminosity AGN are triggered by mergers, while fainter ones are not, environment studies would be limited by the averaging out of the environment of these two distinct populations. We have addressed this connection here. However, the limited number of sources per wavelength selection, as well as the implicit correlation between the monochromatic luminosity, the redshift, the bolometric luminosity of a source and its stellar mass (and therefore its environment) does not allow us yet to fully address the luminosity dependance that we have recovered. The way we select our control samples is a step towards addressing this issue. More rigorous stellar mass estimation, although it would probably reduce the number of sources, might provide further insights on this problem. As it stands however, we do not find any significant correlation between the density in which the AGN resides and its luminosity.
The second scenario is somewhat favoured by our results in the sense of the lack of any correlation between density and luminosities. It should be noted however that the AGN sources in underdense environments we showed to exist cover the whole AGN luminosity range probed here. This implies that either these systems are exceptional cases or, more convincingly, that there exists a second fundamental parameter that governs the dependence of an AGN to its environment. By comparison to a well selected control sample, we have shown that the stellar mass, may be the key parameter in dictating whether AGN reside in dense environments. In addition, a scenario where AGN are triggered during or shortly after a merger-event (something that is supported by the duty-cycle timescale of AGN and the relaxation timescale of mergers), can be accommodated by our results. In that case (scenario 2 above) we expect a strong dependence of AGN activity on the merger rate and hence dense environments. This dependence is seen, particularly for the small scales. The fact that we find low-luminosity Seyfertlike sources and 24 µm selected sources to reside in over-dense environments might be a manifestation of the time lag between the peak of a merger and the onset of the active phase of the galaxy (e.g., Wild et al. 2010) .
Finally, if we assume that both scenaria above might be relevant to certain AGN hosts, then further confusion is to be expected. The large uncertainties seen in our results can not be purely attributed to small number of sources in the samples studied. Case in point, large uncertainties are equally seen in our mid-IR sample which contains the largest number of sources compared to both the X-ray and radio-selected samples. Assuming that indeed our control samples selection accounts for the implicit link between the stellar mass and luminosity of a galaxy to its environment, then the large scatter observed in our plots might be indicative of the fact that we are mixing two populations of AGN that have been triggered through different means. This is further corroborated by the fact that for most of the Σ 2 and Σ 5 distributions we observe a fairly concentrated Gaussian-like distribution centred around an AGN-to-control density ratio of one, supplemented by a group of AGN in high-density environments (that form the non-Gaussian tail seen in the distributions in Figs. 9, 16, and 22) . Therefore, although we can say that for a significant fraction of active galaxies in our samples, over-dense environments point towards a merger-induced triggering, this can by no means be generalised for the whole AGN sample.
It should be noted here that VIDEO has allowed us to investigate galaxy environments down to a very deep level with enough area to create good control samples for a range of AGN selected at multiple wavelengths. It is therefore conceivable that with the completion of this rich new dataset we are able for the first time to place AGN sources not only in the high-mass end of the galaxy mass function but rather associate nuclear activity with normal, Milky Way-like galaxies out to a redshift of z ∼ 4. In essence, we can disentangle the study of AGN from the study of massive galaxies and thus over-dense galactic environments.
CONCLUSIONS
We use the first data release of the VISTA-VIDEO near-IR survey of part of the XMM-LSS field to study the close environment of active galaxies selected in different wavelengths, namely in the Xray, radio, and mid-IR/24µm. To do this we employ two different environment density measures, (1) counts within a given surface area and redshift slice (pseudo-3D number density) and (2) density defined through the distance to the 2nd and 5th closest neighbour of a source. We select our AGN samples using a variety of criteria, (a) in the X-rays using a hard X-ray to infrared flux ratio (QSOand Seyfert-like selection), (b) in the radio employing both radioluminosity cuts and radio spectral index cuts, and (c) in the mid-IR utilising color-cuts to select dust-reddened AGN.
Summarizing, we find the following:
• individual sub-groups of AGN on average appear to inhabit significantly over-dense environments. In particular, flat-spectrum radio-AGN and Seyfert-like hard X-ray sources are all found in environments denser than their control samples, albeit at different scales.
• over-density distributions for our AGN samples, although peaking at values implying no significant difference to their control samples, suggest that at least some AGN do indeed reside in some of the densest environments at the given epoch.
• the above items combined lead us to the conclusion that AGN do live in diverse environments and thus merger-induced activity can only be relevant to a sub-population of AGN. Alternatively, systematic time lags between the different processes may be smearing out the link between mergers and nuclear activity.
• we find no correlation between AGN luminosity and overdensities within the range of luminosities we probe here. As a result, the traditionally believed scenario of merger-induced activity for the most luminous AGN is not applicable or at least not directly translated in terms of environment over-density.
From our results it becomes apparent that the environment density properties of the different AGN populations (mainly in terms of AGN wavelength selection and to a lesser extend AGN luminosity) are markedly different, and highly dependent on the scales at which these densities are calculated. Although it is not straightforward to disentangle the effects of stellar mass and near-IR luminosity, our results support a scenario where AGN are mostly not or are very loosely connected to their environments. However a significant fraction of AGN do seem to occupy the densest environments in the field.
Be that as it may, this study does showcase the diversity of galaxy environments in which AGN are found and reinforces a rather complicated picture of activity triggering in galaxies. We argue for a scenario where galactic interaction events (potentially minor mergers or even of the "harassing" type) should play a significant role in triggering activity, although considerable time lags between a merger event and the emergence of an AGN at a given wavelength regime lead to a dilution of the observational signature of this scenario. We do however find support for mechanisms where a significant fraction of AGN are triggered through secular processes. After the completion of the VIDEO survey, an excellent dataset will be available to re-address the same questions with much higher precision.
